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The	 combination	of	 electrospinning	with	 extrusion	based	3D	printing	 technology	opens	new	pathways	 for	micro-	 and	nanofabrication,	which	 can	be	 applied	 in	 a	wide	 range	of	 applications.	 This	 simple	 and









carried	out	 to	circumvent	 this	chaotic	2D	deposition.	Near-field	electrospinning	can	be	used	 to	control	 the	exact	positioning	of	 the	 fibers	onto	 the	collector	by	electrospinning	at	a	short	distance	between	 the
metallic	nozzle	and	the	collector.28	With	this	technique,	precise	deposition	and	integration	of	oriented	fibers	into	functional	devices	is	achievable.29,30	A	three-dimensional	(3D)	structure	is	more	desirable	than	a	2D
mat	 for	 some	applications.	A	3D	electrospun	 scaffold	 is	beneficial	 for	bioengineering	as	 it	 resembles	 the	 fibrous	 structure	of	 the	natural	 extracellular	matrix	 and	provides	 contact	guidance	 for	 cells.31,32	 In	 a
particular	example,	macroscopic	3D	electrospun	tubes	have	been	shown	to	be	favorable	to	nervous	regeneration	without	inducing	degradation	of	the	nerves	due	to	mechanical	stress.33	3D	electrospun	scaffold	has








structure	of	 reference	 is	 a	hollow	cylinder.	The	effects	of	 the	 solution	properties,	polymer	concentration,	 applied	voltage,	working	distance,	 flow	 rate,	 and	nozzle	 speed	on	 the	3D	structures	 shape	and	 fibers

























































































































































































































of	 the	cylinder,	was	the	closest	 to	 the	designed	nozzle	pattern.	The	triangle	shape	was	completely	 filled,	 this	 is	due	to	 the	close	proximity	between	the	3	segments	of	 the	triangle	and	the	relatively	 large	deposition	area	of	 the
electrospun	structure.	The	electrospun	fibers	from	the	previous	segment	can	act	as	a	preferential	deposition	area	and	attract	some	fibers	toward	it.	In	effect,	there	is	a	bridging	effect	between	2	segments,	which	fills	the	triangle.	A
Fig.	16	Evolution	of	the	3D	structures	shape	as	the	nozzle	speed	is	increased	from	0.6	mm	s−1	to	12.0	mm	s−1.	15.0	wt%	PS	in	1 : 1	DMF/THF	was	electrospun	at	a	voltage	of	+20	kV,	a	working	distance	of	5	cm	and	a	flow	rate	of
5.0	mL	h−1	for	10	minutes.	Low	nozzle	speed	was	detrimental	to	both	the	3D	structure.
Fig.	17	Evolution	of	the	mean	fiber	diameters	as	the	nozzle	speed	is	increased	from	0.6	to	12.0	mm	s−1.	15.0	wt%	PS	in	1 : 1	DMF/THF	was	electrospun	at	a	voltage	of	+20	kV,	a	working	distance	of	5	cm	and	a	flow	rate	of	5.0	mL	h
−1	for	10	minutes.	Low	nozzle	speed	is	detrimental	to	the	drying	and	thus	stretching	of	the	fibers,	resulting	in	bigger	fibers.
similar	effect	is	observed	in	the	five-pointed	star,	where	all	5	corners	are	made	of	small	filled	triangles,	but	the	shape	of	the	star	is	still	followed.	The	original	gcode	file	of	these	3	shapes	can	be	seen	in	the	ESI	S14.†	Overall,	this
technique	has	proved	successful	in	its	flexibility	to	electrospin	different	3D	structures	in	a	short	time.
Possible	extension	to	other	polymers
A	few	other	polymers	were	investigated	as	well	for	3D	build-up.	Li	and	Long	have	successfully	electrospun	a	non-organized	3D	structure	of	polyvinylpyrrolidone	(PVP)	by	using	a	self-assembly	mechanism,41	which	is	closely
related	to	the	3D	build-up	investigated	in	this	paper.	In	a	similar	fashion,	M.	Yousefzadeh	et	al.	managed	to	electrospin	a	“fluffy	web”	of	polyacrylonitrile	(PAN).70	In	both	research,	increasing	the	conductivity	of	the	solution	with
additives	was	key	to	enable	the	self-assembly	mechanism.	However,	preliminary	research	of	3D	electrospinning	of	PVP	and	PAN	solutions	have	failed	to	yield	any	buildup.	Reasons	for	the	non-reproducibility	could	be	attributed	to	the
different	nature	of	the	additives	used,	which	would	yield	different	properties	of	the	final	polymer	solution.
Conclusions
This	study	explored	the	use	of	a	3D	electrospinner	 in	the	 fabrication	of	3D	fibrous	architecture.	Rapid	electrospinning	of	designed	3D	structures	with	controllable	shape	has	been	successfully	achieved
without	the	aid	of	any	auxiliary	template.	The	electrospun	3D	structures	have	typical	height	of	approximately	3–4	cm	from	a	10	minutes	electrospinning	process	and	are	self-standing	even	after	6	months	of	storage
at	ambient	condition.	The	build-up	of	the	3D	fibrous	polystyrene	structure	is	associated	with	the	rapid	solidification	of	the	fibers,	the	charge	induction	and	polarization	of	the	fibers,	and	their	interaction	with	the
electrospinning	environment,	including	the	charged	nozzle.	The	behavior	of	the	electrospun	fibrous	3D	structure	in	the	vicinity	of	a	charged	rod,	during	and	after	electrospinning,	has	been	investigated	and	goes	in
line	with	this	theory.	Proper	tuning	of	the	process	parameters,	including	solution	concentration,	applied	voltage,	working	distance,	flow	rate	and	nozzle	moving	speed,	is	critical	to	achieve	a	3D	build-up	instead	of
the	traditional	2D	deposition	in	electrospinning.	The	parameters	must	be	adjusted	to	control	the	size	of	the	deposition	area,	to	control	the	speed	of	the	vertical	fibers	growth	and	to	provide	a	decent	amount	of
polymer,	high	enough	to	have	enough	repulsion	between	fibers	and	low	enough	for	proper	drying	of	the	fibers.	The	PS	mean	fiber	diameters	of	the	3D	structures	are	between	550	nm	to	2.89	µm,	the	evolution	of	the
fibers	morphology	and	diameter	with	the	process	parameters	is	similar	in	behavior	with	the	fibers	obtained	with	a	traditional	2D	electrospinner.	3D	electrospinning	technology	opens	new	horizons	in	nano-	and
micro-fabrication,	notably	for	the	fast	and	facile	fabrication	of	controllable	scaffold	for	bio-engineering	applications.
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